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Description 

RAP-KGROUND OF THE IN VENTION 

(1) Field of the Invention 

The present invention relates to heat resistant polyaniline or derivatives thereof and a method of manufacturing the 
same, and more particularly to solid electrolytic capacitors using such heat resistant polyaniline or derivat.ves thereof 
as electrolyte and a method of manufacturing the same. 

(2) Description of the Related Art 

A solid electrolytic capacitor usually comprises a porous member of a valve action metal, such as tantalum or alu- 
minum as a first electrode (anode), an oxide film formed as a dielectric film on a surface of the first electrode and a solid 
electrolyte formed as a part of a second electrode (cathode) on the dielectric. Thesolid electrolyte has a role of electrically 
connecting the entire surface of a dielectric film in the porous member and an electrode lead and, from this standpoint, 
it is preferable for the solid electrolyte to have high conductivity. ^ K m th a 

The solid electrolyte is also required to have a function of healing electrical shorts that are caused by defects in the 
dielectricfilm This means that metals having no dielectric healing function cannot be used assolid electrolyte irrespective 
of their high conductivity. To this end, a metal such as manganese dioxide is used which undergoes transition to insulator 
bv such causes as heat generation due to short-circuiting currents. 

Also since the solid electrolyte is exposed to heat of 240 to 260°C when used as a capacitor mounted on a printed 
circuit board, it has been usual to use a substance (for example, manganese dioxide or the like) which has a heat 

'^'spectf icaS.'thTsubstfnce serving as the solid electrolyte of a solid electrolytic capacitor should meet the following 
three requirements: Namely, that 

(a) it has high conductivity; 

(b) it has a dielectric healing function; and 

(c) it has a heat resistance of at least 260°C. 

Manqanese dioxide which has been used as solid electrolyte, although having sufficient properties insofar as the 
dielectric healing function and heat resistance are concerned, has not always been sufficient as solid electrolyte of solid 
electrolytic capacitors concerning the conductivity (about 0.1 S/cm). 

Recently vigorous development of solid electrolytic capacitors is in progress, in which such conductive po ymers 
as polypyrrole. polythiophene and polyaniline having a conductivity as high as 10 to 100 S/cm and capable of being 
readily formed at room temperature are used as solid electrolyte. 

The conductive polymer usually has high conductivity and dielectric healing function, but is rather infenor in the heat 
resistance Therefore, it has been necessary, with polypyrrole, for instance, to improve its heat resistance by using 
alkylbenzene sulfonic acid with alkyl group carbon numbers of 2 to 16 (Japanese Patent Application Kokar Pub cation 
No Hei 2-119213) or aromatic sulfonic acid (Japanese Patent Application Kokai Publication No. He. 2-58817) as its 

d ° P However even the use of such dopants does not permit sufficient heat resistance to be obtained. 

In the case of using polyaniline, the obtainable capacitors as disclosed in Japanese Patent Application Koka. Pub- 
lication No. Sho 62-29124 do not have sufficient capacitor characteristics because of low dopant concentration of solid 
electrolyte polyaniline and also as low conductivity as 0.1 S/cm and below. Batm > 

There is a method of forming an electrolyte by using a soluble polyaniline solution as disclosed .n Japanese Patent 
Aoolication Kokai Publication No. Hei 3-35516. In this case, it is impossible to sufficiently cover a surface of enlarged 
dielectric film because of a high viscosity of soluble polyaniline solution, so that a capacitance of capacitor as deigned 

^""There is^urtlSr a method of chemical polymerization using a selected dopant (Japanese Patent Application Kokai 
Publication No Hei 6-29159). In this case, excellent high frequency characteristics and also excellent thermal stability 
at 125°C are obtainable. On the demerit side, however, the characteristics are extremely reduced even in a short period 
of time at temperatures of 230 to 260°C and above, and the soldering property obtainable is inferior. 

SUMMARY OF THE INVENTION 

An object of the invention is to develop heat resistant polyaniline and provide a solid electrolytic capacitor using 
such polyaniline and a method of manufacturing the same. 



I* 



EP 0 716 424 A1 

The inventors conducted extensive research and investigation in order to solve the problems discussed above and 
found that effective improvements are obtainable when the dopant concentration in polyaniline derivative is controlled 
to be in a specific narrow range. The invention is predicated in this finding. 

According to the invention, polyaniline or derivative thereof contains a sulfonic acid compound as a dopant in a 
5 dopant concentration (i.e., percentage of dopant per recurring unit of polyaniline) of 28 to 40 %, and a solid electrolytic 
capacitor using this polyaniline or derivative thereof as solid electrolyte. 

In the specification, by the statement that "the percentage of sulfonic acid groups per recurring unit of polyaniline 
or derivative thereof is 28 to 40 %" is meant that 28 to 40 sulfonic acid groups of the sulfonic acid compound are contained 
in 100 recurring units of polyaniline or derivative thereof. 
10 According to the invention, polyaniline or derivative thereof may be, in addition to polyaniline per se, or as polyaniline 
derivative, polyaniline, poly(N-methylaniline), poly(2-methylaniline), poly(3-methylaniline). poly(2-nitroaniline) and 
po!y(3-nitroaniline). 

According to the invention, there is further provided heat resistant polyaniline or derivative thereof, the sulfonic acid 
group percentage of which per recurring unit of polyaniline derivative is adjusted to 28 to 40 % by dipping polyaniline 

is derivative in a sulfonic acid compound solution of 0.01 to 0.5 N, or a method of manufacturing a solid electrolytic capacitor 
using such heat resistant polyaniline. 

As the dopant of polyaniline or derivative thereof according to the invention, a sulfonic acid compound, suitably 
sulfonic acid, is used. Examples of this dopant are such alkylsulfonic acid derivatives as ethane sulfonic acid, butane 
sulfonic acid and hexane sulfonic acid, such aromatic sulfonic acids as alkylbenzene sulfonic acid and atkylnaphthalene 

20 sulfonic acid and derivatives of these acids. 

Polyaniline or derivative thereof according to the invention may be used by using any oxidizer. However, it is preferable 
to use an oxidizer, in which the pKa value of by-product produced with its reduction in an oxidizing reaction of aniline is 
above the pKa value of the sulfonic acid compound. Examples of such oxidizer are potassium dichromate, sodium 
dichromate, ammonium dichromate, hydrogen peroxide, potassium manganate, sodium manganate, ammonium man- 

25 ganate, ferric sulfonate, cupric sulfonate, and lead oxide. 

The valve action metal according to the invention may be tantalum, aluminum, niobium, titanium, zirconium, mag- 
nesium, silicon, etc., and it may be used in the form of rolled foil, sintered fine powder, etched rolled foil, etc. 

In the manufacture of the solid electrolytic capacitor according to the invention, the conductive polymer may be 
formed by any suitable method. 

30 In one method of formation, a mixed solution of a monomer, an oxidizer and a sulfonic acid compound solution 
having been cooled down to the reaction commencement temperature or below, is introduced into a porous body of the 
valve action metal on which a surface oxide film has been formed and it is left alone in an atmosphere at the reaction 
commencement temperature or above for the reaction to take place. In another method, solution obtained by dissolving 
a polyaniline derivative and a sulfonic acid compound is coated and then dried. In a further method, a polyaniline deriv- 
es ative is electrolytically polymerized. In a still further method, an oxidizer is introduced either per se or in the form of a 
solution in an adequate solvent into a porous body of the valve action metal with a surface oxide film, and the resulting 
composite is contacted with an aniline derivative monomer per se or in the form of a solution or gas. In a yet further 
method, an aniline derivative monomer is first introduced into a porous body of the valve action metal, and the resulting 
composite is contacted with an oxidizer. 

40 The concentration of the dopant in polyaniline or derivative thereof according to the invention, may be controlled by 
any method. A convenient method of control is to dip polyaniline or derivative thereof in a sulfonic acid compound solution 
having a predetermined concentration or a predetermined pH for a predetermined period of time. 

After the dopant concentration is made a predetermined concentration, the resulting composite is washed with an 
organic solvent such as methanol, followed by the necessary operation such as drying, whereby heat resistant polyaniline 

45 may be obtained. 

To form a capacitor according to the invention, a polyaniline derivative is formed as a solid electrolyte on the valve 
action metal, and then the resulting composite is likewise dipped in a predetermined sulfonic acid compound solution 
and then washed with an organic solvent such as methanol, followed by the necessary operation such as drying. After- 
wards, lead electrodes are provided in the usual way, thus completing the capacitor. It is possible to carry out the above 
so polymerizing operation and subsequent assembling operations repeatedly. 

According to the invention, the percentage of sulfonic acid groups per recurring unit of polyaniline or derivative 
thereof is 28 to 40%, i.e., a dopant concentration of the sulfonic acid compound as a dopant (i.e., percentage of dopant 
per recurring unit of polyaniline), is set to 28 to 40 %, because in this range of the concentration of the dopant both the 
conductivity and the pyrolysis commencement temperature are excellent. If the concentration of the dopant is below 28 
55 %, the conductivity that is obtainable is insufficient. If the concentration is above 40 %, on the other hand, the pyrolysis 
commencement temperature is extremely reduced. 

In the above dopant concentration range, the capacitor according to the invention has low equivalent series resist- 
ance and satisfactory frequency characteristics. Besides, the solder-dipping process at 260°C or above results in no 
substantial characteristic deterioration, and excellent reliability can be ensured. 
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According to the invention, the concentration of the sulfonic acid compound solution is set to 0.01 to 0.5 N. The 
reason for Zg fo isTo obtain heat resistant polyani.ine or a solid electrolytic capacitor in which the percentage of 
SraddToups per recurring unit of polyaniline derivative is adjusted to 28 to 40 % by d iP p,ng the polyamhne 
derivative in the sulfonic acid compound solution set to 0.01 to 0.5 N. 

With polyaniline or derivative thereof containing a sulfonic acid compound as a dopant according to the .riven on 
heaSsSpolyaniline or derivative thereof is obtainable because the percentage of sulfonic ac,d groups per recurrmg 

to the ^ can meet the requirements for high conductivity, a dielectric healing function and 

heat resistance at 260*0 and above. 

RRIFF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present invention will be apparent from the following 
des caption ol preferred embodiments of the invention explained with reference to the accompanymg drawings. ,n which. 

. Fig. 1 is a graph showing a relationship of the dopant concentration with respect to the pyrolysis commencement 
temoerature and conductivity of polyaniline; and 

Figl * ^oT chart for use in explaining a method of manufacturing a solid e.ectrolytic capacitor accordmg to the 
invention. 

PREFERRFn EMBODIMENTS OFTH F INVENTION 

Now preferred embodiments of the invention are explained with reference to the drawings. im/antion 
F^ 2 illustrates an example of the method of manufacturing a solid electrolytic capacitor according to the invention. 
When — EfS >oL as the valve action metal, numerous ^^TZ^To 
foil through etching. When tantalum powder is used as the valve action metal, it is sintered by pressing. The valve action 
Sete^enaSzed by anodic oxidization to form an oxide film as dielectric. Then, polyaniline is formed as solid 
^SS^SSSp^ concentration in the electrolyte is then adjusted to a predetermined value. 

T^e dopant concentration was calculated from the S/N (Sulfer/Nitrogen) ratio of polyaniline as determined through 

"'^TfrSncy characteristic of capacitor was determined by using "Impedance Analyzer 4 19 4A" provided by 

^her^ -ing "TG-DTA2000" provided by MacK Science Co. Ltd. . was conducted in 

nitrogen atmosphere, with a temperature rise rate of 10°C/min.. and in a temperature range of 25 to 700 C. 
Embodiments of the invention will now be explained. 

FMBODIMENT 1 

Added to 60 ml of a solution containing 22 mmol of aniline and 22 mmol of p-toluenesulfonic acid was 20 ml of a 
solut^n SnS 7 mmol of ammonium dichromate and 48 mmol of p-toluenesulfonic acid and the resurtant solution 
was sti"rS while being held at 0°C for one hour. The solution was then filtered, then washed with water and ethanoL 
a Z unreduced pressure. Black po.yani.ine was obtained as a result, which was then added to a 0.03 N 

rfTenesulfonic acid solution and the resultant solution was stirred at room temperature for 30 mm. 
^oT^SEiSSS this polyaniline, the dopant concentration was found to be 30.5 %, ard the conduct^ 
was found toTeTs S/cm. From thermal analysis of this compound, the pyrolysis commencement temperature was 
found to be 315°C. (Table 1) 

FMBODIMENT 2 

Black polyaniline was obtained in the manner as in Embodiment 1 . It was then added to a 0.03 N p-toluenesulfonic 
acid solution, and the resultant solution was stirred at room temperature for 6° mmut^ conductivity 
From elemental analysis of this polyaniline, the dopant concentration was found to be 34.7 A, and the conduct ivny 
wasfoTdtbesTs/cm From thermal analysis of the compound, the pyrolysis commencement temperature was found 

55 tobe308°C. (Table 1) 
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EMBODIMENT 3 

A sulfuric acid aqueous solution containing 0.1M of aniline was prepared. Using this solution, a polyaniline film was 
obtained through electrolytic polymerization by a 1 Hz scanning voltage process between -0.1 and 1.2 V (with respect 
5 to a saturated calomel electrode). The polyaniline film was then separated from the platinum electrode and washed by 
stirring it in pure water for about 60 minutes. This polyaniline was then held dipped in a 0.03 N p-toluenesulfonic acid 
solution at room temperature for 30 minutes. 

From elemental analysis, the dopant concentration was found to be 36.5 %, and the conductivity was found to be 
9.3 S/cm. From thermal analysis of polyaniline, the pyrolysis commencement temperature was found to be 305°C. (Table 
10 1) 

EMBODIMENT 4 

A p-toluenesulfonic acid aqueous solution containing 0.05M of aniline was prepared and, using this solution, a 
is polyaniline film was prepared through electrolytic polymerization in the manner as in Embodiment 3. The polyaniline film 
was separated from platinum electrode and washed by stirring it in pure water for 60 minutes. This polyaniline was held 
dipped in a 0.04 N p-toluenesulfonic acid solution for 60 minutes. From elemental analysis, the dopant concentration 
was found to be 40.7 %, and the conductivity was found to be 10.3 S/cm. From thermal analysis of polyaniline, the 
pyrolysis commencement temperature was found to be 303°C. (Table 1) 

20 

COMPARISON EXAMPLE 1 

Black polyaniline was obtained in the manner as in Embodiment 1 . It was then stirred in a solution of water/ethanol 
= 1/1 (volume ratio) at room temperature for 30 minutes. 
25 From elemental analysis, the dopant concentration was found to be 22.5 %, and the conductivity was found to be 
0.18 S/cm. From thermal analysis of polyaniline, the pyrolysis commencement temperature was found to be 320?C. 
(Table 1) 

COMPARISON EXAMPLE 2 

30 

Black polyaniline was obtained in the manner as in Embodiment 1. It was then stirred in a 0.05 p-toluenesulfonic 
acid solution at room temperature for 30 minutes. 

From elemental analysis, the dopant concentration was found to be 42.5 %. and the conductivity was found to be 
10.6 S/cm. From thermal analysis of polyaniline, the pyrolysis commencement temperature was found to be 230°C. 
35 (Table 1) 

COMPARISON EXAMPLE 3 

Polyaniline was obtained through electrolytic polymerization in the manner as in Embodiment 3. 
40 From elemental analysis, the dopant concentration was found to be 49.5 %, and the conductivity was found to be 
1 1.0 S/cm. From thermal analysis of polyaniline, the pyrolysis commencement temperature was found to be 225°C. 
(Table 1) 

EMBODIMENT 5 

45 

Cylindrical pellets of sintered fine powder of tantalum with a diameter of 1 .5 mm, a height of 2 mm, and a CV value 
(i.e., product of the capacity and formation voltage) of powder per gram of 30,000/g, were subjected to anodic oxidation 
in a 0.05 wt% nitric acid aqueous solution at 60 V, followed by washing and drying. 

A solution prepared by adding 20 ml of a solution containing 7 mmol of ammonium dichromate and 48 mmol of p- 
so toluenesulfonic acid to 60 ml of a solution 22 mmol of aniline and 22 mmol of p-toluenesulfonic acid was held at -3°C, 
and the tantalum pellets were dipped in this solution to be left at room temperature for 30 minutes. Black polyaniline was 
formed in this way. 

The formation of polyaniline was made repeatedly five times. The resulting composite was then treated in a 0.03 N 
p-toluenesulfonic acid solution for 30 minutes and washed in an ethanol solution. Afterwards, a cathode lead was pro- 
55 vided by using a silver paste, and the resulting composite was sealed with an epoxy resin. A capacitor was thus com- 
pleted. 
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FMRODIMENT 6 

A dielectric was formed on tantalum pellets in the manner as in Embodiment 5. These tantalum pell ets _ were then 
ho id ViSSln a 5 wt% aniline solution of water/ethanol = 1/1 (volume ratio) containing equal mols of an.l.ne and p- 
, to^enS^^^ ** 3° seconds - Subsequently, the pellets were left for 30 mmutes and then 

hild dS for 30 secoSs in a 20 wt% oxidizer aqueous solution whose mol ratio of ammonium dichromate and p- 
held d.pped for 30 seams ; in a . v ^ for 3Q fo( . ^^^o^ 

Sp£tr~*~ 

Q . tho „ Ilpt<; were then treated in a 0.04 N p-toluenesulfonic acid solution for 30 minutes. 

8 Aften^aS proven of a Sad wtth a silver paste were made in the manner as in Embodiment 5. A capaator was 
thus completed. 
15 COMPARISON FXAMPLE 4 

Polyaniline was formed on capacitor dielectric surface in the manner as in Embodiment 5. followed by washing in a 
rSST^ - ^ ^™ P^ ^ made in the .anner as in Embodiment 5. A capacitor was 
20 completed in this way. 

rnMPABisnM FXAMPLE 5 

Po.yaniline was formed on a capacitor dielectric surface in the manner as in Embodiment 6. The resulting composite 

completed in this way. 
FMRODIMENT 7 

30 a HiPiPctric was formed on tantalum pellets in the manner as in Embodiment 5. ^ arars * 
a^S^^^Sm^ in a suLic acid aqueous solution containing 0.1M of aniline, and a surface thereof 

it in pure Ja W for 60 mnu». then .sated In . 0.04 N p- 

FMRODIMENT 8 

assist 

thereT^^^ 

^^JSS^SSL. and thenwashing it in ethanol. Afterwards, a cathode lead was provded usmg a s,lver 
^^CSSSl pellet was sealed with an epoxy resin. A capacitor was completed .n th.s way. 

FMRODIMENT 9 

Rpnzenedisulfonate was used as protonic acid in lieu of p-toluenesulfonic acid in Embodiment 5. 
AftenTaS ^wSnfngTn ethanol and provision of a lead using a silver paste were made in the manner as ,n Embod- 

iment 5. A capacitor was completed in this way. 

55 FMRODIMENT 10 

A hydrogen peroxide solution was used in lieu of ammonium dichromate in Embodiment 6. Afterwards, a capacitor 
was completed in the manner as in Embodiment 6. 
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EMBODIMENT 11 



10 



15 



20 




Embodiment 



Pyrolysis Commencement Temperature (°C) 



25 



1 

2 
3 
4 



30.5 
34.7 
36.5 
40.7 



Comparison Example 



1 
2 
3 



22.5 
42.5 
49.5 



3.3 
8.1 
9.3 
10.3 



315 
308 
305 
303 



0.18 
10.6 
11.0 



320 
230 
225 
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Table 2 



Embodiment 5 
Embodiment 6 
Comparison Example 4 
Comparison Example 5 
Embodiment 7 
Embodiment 8 
Embodiment 9 
Embodiment 10 
Embodiment 1 1 



C/CO(%) 


EXRO(Q) 


ESR(O) 


S/N 


93 


0.42 


0.43 


32.5 


92 


0.30 


0.35 


40.7 


91 


2.3 


2.2 


23.1 


93 


0.28 


3.5 


65.5 


90 


0.46 


0.43 


33.5 


90 


0.48 


0.45 


39.5 


92 


0.37 


0.40 


35.8 


91 


0.45 


0.43 


31.5 


95 


0.28 


0.30 


33.0 



™™»dop a nt<^ e nlration f T < s «*'«P'W«e 5 and reltobmty only in me 

^btain^thadopanSn^^^ 

is extremely reduced and> the Py ro, y s,s commencement temperature 
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Ta^showsthecoveragefac^^^^ 

have low equivalent series resistance and better client reliability, 

the properties in the process of d.pp.ng in solder « 10«wn* ^ 

As has been described in the foregoing «*o«hng to unit of p0 , y aniline or derivative thereof 

or derivative thereof with the percentage of ^.^J^Z^SZg l sulfonic acid compound as a dopant in 
adjusted to 28 to 40 % by dipping po^*"" ^^Sin^Sn^thar^ thus obtained has excellent prop- 
a 0.01 to 0.5M sulfonic acid compound "^J^^'^^ement temperature of 300°C or above, 
erties. i.e.. a conductivity of 2 S/cm or ^ "^^^Si a solid electrolytic capacitor to be obtained. 

Moreover the *»««™%*£^ !^5S£5*» and is subject to no substantia, characterise 
which has suff.cently low ES ^ and sat ! s ™ o V a f2 6 o«C thus ensuring excellent reliability. 

deterioration in the process of dipping in . solder at 260 ' & 9 tQ be understoo d that the words which 

While the irwentior changes within the purview of the appended 

cS^^^^^ 
ms 

aromatic sulfonic acid. 
, Ar^ofr— 

compound solution, 
sulfonic acid compound solution. 

thereof is 28 to 40 %. 

"^srs»T^ 

* =s=««^ 

JTerSe .hereo, Ihus formed in said Atonic compound =01^. 
10. The method of manufacturing a solid electrolytic capacitor according to claim 8, wherein the concentration of said 

sulfonic acid compound solution is 0.01 to 0.5 N. 
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